1. Introduction
===============

Type 2 diabetes mellitus (T2DM) has become the leading cause of end-stage renal disease (ESRD) worldwide. Hyperglycemia is associated with increased mortality and morbidity in patients with T2DM who are undergoing dialysis. Although the progression of nephropathy cannot be prevented with appropriate glucose control alone, glucose control can be helpful for prevention of other microvascular and macrovascular complications of diabetes in patients receiving dialysis.\[ [@R1] [@R2]\] In addition, optimal management of hyperglycemia in these patients is associated with improved survival.\[ [@R3] [@R4]\]

According to the Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines, glycated hemoglobin (HbA1c) targets of T2DM patients suffering from chronic kidney disease (CKD) are not different from those of diabetic patients without CKD. [@R5] Nonetheless, it is more challenging to achieve glycemic control goal for CKD patients. There are limitations when choosing diabetic medications for ESRD patients. Metformin, α-glucosidase inhibitors, and sodium-glucose cotransporter 2 inhibitors are contraindicated in patients receiving dialysis. [@R6] Various types of medications, such as sulfonylureas, meglitinides, and thiazolidinediones are available, but have significant side effects. Furthermore, drugs that are mainly excreted by the kidney have altered action time and limited effectiveness or toxic effects in T2DM patients with CKD. [@R7] Insulin is used widely, but can lead to hypoglycemia and the need for dose adjustments, especially in patients undergoing intermittent hemodialysis. [@R8] The inconvenience of injection and weight gain also indicate the need for other effective and safe oral hypoglycemic agents.

Dipeptidyl peptidase-4 (DPP-4) inhibitors provide a simple, effective therapeutic option without the drawback of inducing hypoglycemia. These drugs do not confound the comorbidities and have few significant side effects. Sitagliptin is the first DPP-4 inhibitor commercially approved in 2006. Dose reduction from 100 mg daily in patients with normal kidney function to 25 mg daily in patients on dialysis is recommended because ∼80% of ingested drug metabolite is excreted by the kidney. [@R9] Vildagliptin, another DPP-4 inhibitor proven to be an option for effective glycemic control in ESRD patients, has an adjusted dose of 50 mg/day in ESRD patients compared with the 100 mg/day full dose for those with normal renal function. [@R10] The DPP-4 inhibitor linagliptin has a very low renal elimination profile, so dose adjustment is not required for patients whose kidney function is impaired, and many physicians prescribe it widely. [@R11] In patients with normal kidney function, the effects of DPP-4 inhibitors on the plasma glucose level and glycemic indices generally seem to be similar. [@R12] Despite widespread use of these inhibitors, few data about the effectiveness of these drugs for T2DM patients undergoing dialysis are available. Therefore, the object of this study was to evaluate the efficacy of 3 DPP-4 inhibitors on metabolic parameters in ESRD patients with T2DM.

2. Methods
==========

2.1. Study patients
-------------------

This retrospective study reviewed type 2 diabetic subjects who received renal replacement therapy, hemodialysis, or peritoneal dialysis (PD) from January 2008 through August 2015, at Severance Hospital, National Health Insurance Service Ilsan Hospital and Hallym University Sacred Heart Hospital in Korea. Subjects who took sitagliptin, vildagliptin, or linagliptin (which were available DPP-4 inhibitors at the study period) for \>3 months were included in the study. Of 1137 ESRD patients who received these medications, 937 were excluded due to their concomitant medical condition, lack of medication period or absence of adequate laboratory data about glucose control. Subjects who underwent renal transplantation while taking these medications or those who did not have information about when the medication started were excluded. We also excluded patients who had advanced hepatic dysfunction, uncontrolled endocrine dysfunction, prolonged severe infection, or recent significant abdominal surgery. In total, we evaluated 200 ESRD patients undergoing dialysis. The patients were grouped according to the drug they were taking into the sitagliptin group, the vildagliptin group, or the linagliptin group. We also conducted a subgroup analysis according to the dialysis method the patients were receiving. Clinical characteristic data were collected at the start of medication and after 12 weeks of treatment. We reviewed the comorbidities of the subjects, such as hypertension, coronary artery occlusive disease (CAOD), peripheral artery occlusive disease (PAOD), and stroke. Statin administration status was checked using the patients' medical records. This study was approved by the Yonsei University College of Medicine Institutional Review Board (4-2014-0655).

2.2. Metabolic parameters
-------------------------

The levels of fasting plasma glucose (FPG) and HbA1c were measured at baseline and after 12 weeks of treatment and used as the glycemic control parameters. The FPG levels were measured with the standard glucose oxidase method using a 747 automatic analyzer (Hitachi, Tokyo, Japan). The HbA1c levels were estimated using high-performance liquid chromatography. Total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triglyceride (TG) levels were also evaluated at the same time. Postprandial glucose levels, glycated albumin levels, C-peptide levels, or related parameters could not be included because of lack of data.

2.3. Statistical analyses
-------------------------

Continuous variables were expressed as the mean ± standard deviation. The paired *t*-test was used to compare the levels of parameters before and after 12 weeks of treatment. These variables of each medication group were compared and analyzed using 1-way analysis of variance (ANOVA). To compare nominal variables, the chi-square tests were performed. A *P* value of \<0.05 was considered to indicate statistical significance. Data were analyzed using the SPSS Software Package for Windows (version 20; IBM Corp., Armonk, NY).

3. Results
==========

3.1. Baseline characteristics
-----------------------------

The baseline characteristics of the 200 subjects are described in Table [1](#T1){ref-type="table"}. Forty-four subjects were taking sitagliptin, 72 patients were taking vildagliptin, and 84 were taking linagliptin. The 33 patients administered an unadjusted dose of sitagliptin (50 mg or 100 mg) and 12 patients receiving vildagliptin (50 mg twice daily) were included. The population included 115 patients being treated with hemodialysis and 85 patients who underwent PD. The mean age was 62.8 ± 12.2 years in the sitagliptin group, 64.2 ± 11.0 years in the vildagliptin group, and 63.3 ± 11.8 years in the linagliptin group (*P* = 0.79). The sex distribution between the medication groups was not significantly different. No significant difference was observed in the prevalence of comorbidities, such as CAOD, PAOD, or stroke. The mean duration of T2DM was 17.4 years. Because most of the cases of end-stage renal failure in this study were caused by diabetes mellitus, the average duration of diabetes was long. There were no differences between inhibitor groups in the baseline metabolic characteristics of FPG, HbA1c, and lipid profiles. The proportion of subjects taking statins was not significantly different (Table [1](#T1){ref-type="table"}). The percentages of patients who received insulin or other oral hypoglycemic agents with each DPP-4 inhibitor were also comparable (Supplementary Table 1) except that thiazolidinediones were administered more in lingaliptin groups. Most of these medications were not changed within study period.
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3.2. Change in the metabolic parameters after 12 weeks of treatment
-------------------------------------------------------------------

The glucose parameters FPG and HbA1c for each group were decreased after 12 weeks of DPP-4 inhibitor treatment (Table [2](#T2){ref-type="table"}). FPG levels in the sitagliptin and linagliptin groups were reduced significantly compared to premedication levels, but not in the vildagliptin group. In contrast, HbA1c levels were reduced significantly in the sitagliptin and vildagliptin groups. Although the changes of FPG and HbA1c among the 3 groups did not exhibit significant differences, sitagliptin displayed a trend to lower glucose levels.
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Total cholesterol, LDL-C, and TG levels of the 3 groups also showed decreasing trends, but the changes were not statistically significant. The HDL-C levels were elevated in patients treated with sitagliptin (6.5 ± 12.6, *P* = 0.027) and linagliptin (4.8 ± 9.7, *P* = 0.002), but not in the vildagliptin group. There was no significant difference in HDL-C change among 3 groups. We also analyzed the change of glycemic parameters and lipid parameters in statin user and statin nonuser group. Three medications had comparable efficacy on lipid parameters in this subgroup analysis (Supplementary Tables 2 and 3).

3.3. Proportion of patients who achieved the target glucose control range
-------------------------------------------------------------------------

The percentage of patients reaching the target HbA1c level of \<7% were 61% (23 patients) of the sitagliptin group, 71% (46 patients) of the vildagliptin group, and 61% (45 patients) of the linagliptin group. These results were not significantly different between the 3 groups (*P* = .38) (Fig. [1](#F1){ref-type="fig"}A). A reduction in the HbA1c level of \>1% from baseline was achieved in 42% of patients treated with sitagliptin, 37% of patients treated with vildagliptin, and 25% of patients treated with linagliptin (Fig. [1](#F1){ref-type="fig"}B). Overall, the 3 inhibitor drugs exhibited no significant differences in terms of glucose-lowering efficacy.
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3.4. Drug effects on metabolic parameters in the subgroups according to dialysis methods
----------------------------------------------------------------------------------------

The effect of each medication on FPG, HbA1c, and total cholesterol levels of patients treated with hemodialysis (HD) are shown in Table [3](#T3){ref-type="table"}. Sitagliptin administration significantly reduced FPG levels. FPG was also decreased in both the vildagliptin and linagliptin groups, but the decrease did not reach statistical significance. The decreases in HbA1c and total cholesterol levels also did not reach statistical significance.
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Drug effects on metabolic parameters in patients undergoing hemodialysis.
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Among subjects treated with PD, 12 patients were administered sitagliptin, 34 patients were administered vildagliptin, and 36 patients received linagliptin (Table [4](#T4){ref-type="table"}). Vildagliptin was the most effective in reducing FPG, but the largest decrement of HbA1c levels was exhibited in the sitagliptin group. Sitagliptin reduced HbA1c levels significantly compared with vildagliptin (*P* = 0.012) or linagliptin (*P* \< 0.001) (Fig. [2](#F2){ref-type="fig"}). Comparing the effect of drugs on HbA1c after subgrouping the subjects according to their baseline HbA1c level, there is a tendency for sitagliptin to lower HbA1c levels more than the other inhibitors (Fig. [2](#F2){ref-type="fig"}).
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Drug effects on metabolic parameters in patients undergoing peritoneal dialysis.
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![Change of HbA1c after 12-week treatment in PD patients. In the PD group, HbA1c levels were decreased more with sitagliptin. Subgroup analysis according to baseline HbA1c levels showed similar results (∗ *P* = 0.012, ∗∗ *P* \< 0.001). HbA1c, glycated hemoglobin. PD = peritoneal dialysis.](medi-95-e4543-g006){#F2}

4. Discussion
=============

The current study evaluated the efficacy of 3 DPP-4 inhibitors on glycemic control and lipid profiles in T2DM patients who were undergoing dialysis. A 12-week treatment regimen of sitagliptin, vildagliptin, or linagliptin resulted in significant improvement in hyperglycemia. DPP-4 inhibitors are known to have overall comparable efficacy on glycemic control in patients with preserved kidney function. [@R13] In addition, many studies have demonstrated consistent results of similar mean HbA1c reduction with these drugs in people with renal impairment, [@R14] even if there is a lack of direct head-to-head trials. In our study, the mean HbA1c levels of a relatively small numbers of subjects undergoing PD in the sitagliptin group were higher than those of patients in the other medication groups. Confirmation of this observation would require prospective studies with more patients.

In our study, the mean HbA1c reductions were 0.74%, 0.39%, and 0.08% with sitagliptin, vildagliptin, and linagliptin treatments, respectively. A 54-week randomized trial showed that the mean change from baseline in the HbA1c level was --0.72% with sitagliptin in patients with ESRD who were undergoing dialysis, [@R15] which is consistent with the results of our study. A Japanese group reported that after 24 weeks of treatment with vildagliptin, the mean change of HbA1c levels was from 6.7% at baseline to 6.1%, average glycated albumin (GA) levels from 24.5% to 20.5%, and postprandial plasma glucose levels from 186 mg/dL at baseline to 140 mg/dL. [@R16] After 12 weeks of treatment, at the middle of the study, the HbA1c change was ∼0.4%. [@R16] Another study also reported similar results. [@R17] The therapeutic effect of linagliptin monotherapy was investigated in HD patients with favorable outcomes: 6 months of treatment resulted in decreased GA levels from 21.3 ± 0.6% to 18.0 ± 0.6%. [@R18] The efficacy of sitagliptin and vildagliptin on blood glucose in our study was consistent with results previous reports, but linagliptin showed a smaller reduction than expected. This discrepancy may be related to the fact that the average FPG and HbA1c levels at baseline were relatively low in the linagliptin group.

There are some difficulties involved in the estimation of glycemic control in patients on dialysis. We measured FPG and HbA1c levels; however, HbA1c is a less reliable index of glycemia in renal impairment due to the effects of anemia from the reduced survival time of erythrocytes and the erythropoietin injections. As a consequence, HbA1c levels may lead to an underestimation of blood glucose status. [@R19] Several studies demonstrated that GA provides a better measurement for estimation of glycemic control in patients on HD, [@R20] but GA levels of the patients were not available in this retrospective study. GA levels have also been reported to be a predictor of death, hospitalization, and cardiovascular events in these patients. [@R21] In this study, hemoglobin levels of most of subjects remained stable during the observation period, and the levels were not different according to the medication groups. However, data combined with GA and postprandial glucose levels would be more helpful to estimate glycemic control for ESRD patients.

Linagliptin is a relatively widely used antidiabetes medication for patients with ESRD because dose adjustment is not necessary for these patients. Linagliptin is not significantly accumulated in patients with ESRD because it is mainly excreted in the feces in contrast with sitagliptin, which is predominantly excreted in the urine. [@R22] Previous studies of sitagliptin treatment in subjects without diabetes but with reduced renal excretion due to impaired renal function resulted in accumulation of sitagliptin and consequent increases in maximum plasma concentration and area under the plasma concentration--time curve (AUC). [@R23] The fraction of dose eliminated by HD was small so dose adjustment to 25 mg daily was recommended. Increases in sitagliptin AUC were 4.5-fold higher for patients with ESRD. However, in this study, some patients received 50 or 100 mg daily dose of sitagliptin, especially in the early period when DPP-4 inhibitors were just beginning to be used. But, a previous study reported that a daily dose of 600 mg of sitagliptin for 10 days did not lead to any adverse effects in healthy male volunteers. [@R24] Another study demonstrated that after sitagliptin administration at 200 mg/day for 6 months, there was no clear excess of adverse events. Similarly, in this study, no specific side effect of high-dose sitagliptin was found. In the case of vildagliptin, the renal elimination was about 20% to 25%. [@R25] In patients with severe degrees of renal impairment (creatinine clearance \<30 mL/min), the AUC is about doubled. [@R26] Even though 400 or 600 mg daily was associated with some adverse effects, such as peripheral edema, paresthesia, and elevated serum concentrations of aspartate aminotransferase, there were no related side effects of high dose of vildagliptin in 2 previous reports (200 mg daily)\[ [@R10] [@R16]\] and in this study (50 mg bid).

In this study, all 3 DPP-4 inhibitors exhibited beneficial effects on serum lipid profiles. They seemed to have minimal effects on total cholesterol, LDL-C, triglyceride levels without statistical significance. HDL-C levels were elevated after 12 weeks of treatment, especially with sitagliptin and linagliptin. Many studies investigated the possible beneficial effects of DPP-4 inhibitors, but the results are inconclusive and diverse. [@R27] Several researchers demonstrated the positive effect of DPP-4 inhibitors on serum lipid profiles, particularly for sitagliptin on HDL-C\[ [@R28] [@R29]\] and for vildagliptin on total cholesterol. [@R30] Here we demonstrated that in ESRD patients, DPP-4 inhibitors exert possible beneficial effects on lipids, similar to previous studies with patients with normal renal function.

This study has some limitations. As it was a retrospective study, not a prospective randomized clinical trial, there might be biochemical, clinical differences among the groups at baseline. DPP-4 inhibitors may be prescribed not only given as a monotherapy, but also as a combination therapy. Thus, few patients started them alone or without any changes in other oral hypoglycemic medications, limiting the sample size. Other limitations were that the number of enrolled patients was relatively small and the period of study was short. For these reasons, we could not detect toxicity for any of the drugs or evaluate cardiovascular outcomes. As mentioned previously, because HbA1c is less reliable in ESRD patients, additional glycemic indices like GA, post-prandial glucose levels, or homeostatic model assessment of insulin resistance, will be helpful.

In conclusion, there is no significant difference in glucose-lowering efficacy among 3 different DPP-4 inhibitors in ESRD patients who are undergoing dialysis. Sitagliptin tends to lower HbA1c levels more than other inhibitors in PD patients. However, further prospective randomized clinical trials and long-term follow-up studies are warranted to confirm these conclusions.
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